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Abstract
The Caliciviridae family includes norovirus and sapovirus, which both cause acute gastroenteritis (AGE). Currently, norovirus is the most
common cause of AGE in all age groups in many countries. We analysed clinical differences in reported cases of acute gastroenteritis caused
by caliciviruses (AGC) by age group and agent involved. We conducted a descriptive study of AGE outbreaks reported to the Public Health
Agency of Catalonia (Spain) in 2010 and 2011. The odds ratios (ORs) and corresponding 95% conﬁdence intervals (CIs) were calculated to
estimate the association between clinical symptoms and age. Clinical differences between the <15 years and ≥15 years age groups were
statistically signiﬁcant: children more frequently presented with vomiting (OR, 3.25; 95% CI, 2.56–4.13), abdominal pain (OR, 3.27; 95% CI,
2.60–4.12), fever (OR, 1.51; 95% CI, 1.17–1.96) and nausea (OR, 1.49; 95% CI, 1.19–1.85). Comparing clinical manifestations of sapovirus
and norovirus infection in children aged <15 years, cases caused by norovirus more frequently presented with vomiting and fever
(p <0.001), and cases caused by sapovirus more frequently presented with diarrhoea (p 0.013). Determination of the clinical differences
associated with cases in outbreaks according to the age of the majority of cases and the symptoms most frequently detected may aid
decision making and guide aetiological investigations and the adoption of prevention and control measures.
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Introduction
The Caliciviridae family includes several RNA viruses pathogenic
to humans and animals, including norovirus and sapovirus,
which both cause acute gastroenteritis (AGE) in humans.
Currently, norovirus is the most common cause of outbreaks
of AGE in many countries [1–3] and the most common cause
of sporadic gastrointestinal illnesses in adults and the second
most common cause in children [4]. Although sporadic cases
of AGE due to norovirus are frequent, it also often occurs as
outbreaks in various areas such as hospitals, nursing homes,
kindergartens, schools, restaurants and cruise ships, among
others. Norovirus transmission may be person-to-person,
food-borne and fomite-borne [5]. The clinical symptoms of
AGE due to norovirus are usually mild or moderate, with
diarrhoea and/or vomiting that usually resolves within 24–
48 h, but it may also cause severe dehydration, hospitalization
and even death, especially in older people [6]. Sapovirus causes
mild to moderate AGE and mainly affects young children [7,8].
Sapovirus has been detected in some foods and water [9,10],
in people with gastrointestinal symptoms and in asymptomatic
people. Faecal-oral transmission through contaminated foods
and person-to-person transmission seem to be likely [11].
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Some authors have suggested that the clinical characteristics
of food-borne disease outbreaks may be useful in guiding the
investigation and control of outbreaks [12]. Calicivirus infec-
tions appear to share clinical presentations and mode of
transmission. Vomiting seems to be more frequent in children,
and diarrhoea in adults [13]. Kaplan’s clinical criteria for
attributing the cause of an AGE outbreak to norovirus are
vomiting in ≥50% of cases, duration of illness 12–60 h, and a
mean incubation period of 24–48 h [14]. The aim of this study
was to analyse clinical differences in cases of acute gastroen-
teritis due to calicivirus (AGC) associated with outbreaks
according to age group and agent involved in order to provide
useful evidence for the detection, reporting and investigation
of AGC outbreaks.
Methods
In Catalonia, a region in the northeast of Spain with 7 500 000
inhabitants, physicians must report any suspected epidemic
outbreak to the Public Health Agency of Catalonia (ASPCAT).
We conducted a descriptive study of AGC outbreaks reported
to the ASPCAT in 2010 and 2011. An outbreak was deﬁned as
≥2 cases of AGC epidemiologically linked by time and place.
Only outbreaks with conﬁrmed cases were included in the
analysis. For each outbreak, we investigated the number of
cases, the relationship between them and the transmission
route. A conﬁrmed case of AGC was deﬁned as a patient with
≥2 loose stools and/or ≥2 episodes of vomiting within 24 h,
with detection of sapovirus or norovirus in faeces.
Conﬁrmed and probable cases of AGC were assessed for
inclusion in the study. For each case, sociodemographic data
and information about type and duration of symptoms and
healthcare received were collected. Patients were asked about
AGE symptoms, diarrhoea and vomiting, and additional
symptoms such as nausea, fever, abdominal pain, headache,
myalgia, malaise and chills. Information was collected by staff of
the epidemiological research units using a standardized ques-
tionnaire. To assess clinical severity, the number of diarrhoeal
stools or episodes of vomiting per day, fever, disease duration
and possible hospitalization (for non-institutionalized cases
only) were recorded.
Non-normal variables were deﬁned as medians and range or
interquartile range (IQR), and variables with normal distribu-
tion were deﬁned as the mean and standard deviation. The
Kruskal Wallis and Dunn tests were used to assess equality of
the medians between different groups of cases according to
age. The odds ratios (ORs) and corresponding 95% conﬁdence
intervals (CIs) were calculated to estimate the association
between clinical symptoms and age. The level of statistical
signiﬁcance was established as a = 0.05.
Microbiological investigations were carried out by reference
laboratories for food poisoning in Catalonia (Microbiology
Department, Hospital Vall d’Hebron, and the laboratory of the
Public Health Agency of Barcelona). For each outbreak, all
stool samples were investigated if there were fewer than 10
cases, and at least 10 samples were studied in outbreaks with
more than 10 cases. Faecal samples were collected during the
acute phase (ﬁrst 3–5 days) of infection: a minimum of 1 g of
stool was collected in a sterile, plastic container without
preservative. Stool samples were kept at 4°C for 2 days and
frozen at 20°C until microbiological analysis, which was
carried out by the reference laboratories. Samples were
pre-screened using standard microbiological tests to rule out
bacteria, parasites, rotaviruses and adenoviruses. Screening for
norovirus was performed by qRT-PCR assays [15]. Outbreaks
of possible viral aetiology that were negative for norovirus
were analysed for sapovirus using quantitative real-time PCR
with primers as previously described [16]. Norovirus geno-
group assignment was performed after ampliﬁcation by
semi-nested RT-PCR of the ORF1/ORF2 junction region
(region C) as previously described [17]. Sapovirus genogroup
assignment was performed after nested RT-PCR ampliﬁcation
and sequencing [10].
Results
Of the 101 outbreaks detected, two, with 29 cases, were due
to sapovirus, and 99, with 2727 cases, were due to norovirus.
There were no rotavirus- or adenovirus-related outbreaks
during the study period. Norovirus GII was the origin of 77.2%
of outbreaks, GI of 5% and the combination of GI and GII of
4%. Sapovirus GI was the origin of the two reported
outbreaks, which occurred in child care centres, with the
route of transmission being person-to-person and/or fomites.
The median number of samples collected for each outbreak
during the study was eight (range, 1–68). Of the norovirus
outbreaks, 50 were food-borne, ﬁve water-borne, and 44
person-to-person and/or fomites. The most frequent location
of outbreaks of AGC was the catering environment, which was
also responsible for most cases (45.6%).
Of the 2756 cases identiﬁed, 60% were female. Complete
clinical information was obtained in 2365 cases (86%), who
were included in the study. The cases corresponded mainly to
the 15- to–64-year age group (38%), the ≥75-year age group
(31%) and the 65- to–74-year age group (14%). Most patients
aged ≥75 years (73%) resided in nursing homes or social health
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centres. There were two deaths (case fatality rate 0.07%), in
women aged 80 and 101 years, respectively, both residents of
nursing homes.
The most common symptoms were diarrhoea (62.5%),
vomiting (49.6%), abdominal pain (44.5%), nausea (36.3%) and
fever (18.8%). Vomiting and abdominal pain were the most
common symptoms in patients aged <5 years, with the lowest
rate of these symptoms occurring in patients aged 65–74 years
(Table 1). In patients presenting with only diarrhoea (28%) or
vomiting (15.2%), the differences were signiﬁcant for age
(p <0.001). Vomiting as the only symptom was mainly
observed in children aged 5–14 years (Fig. 1). Comparison of
children (<15 years) and adults (≥15 years) showed that
children more frequently presented with vomiting (OR, 3.25;
95% CI, 2.56–4.13), abdominal pain (OR, 3.27; 95% CI, 2.60–
4.13), fever (OR, 1.51; 95% CI, 1.17–1.96) and nausea (OR,
1.49; 95% CI, 1.19–1.85) compared with adults. In contrast,
diarrhoea (OR, 0.67; 95% CI, 0.54–0.84), myalgia (OR, 0.61;
95% CI, 0.38–0.98) and chills (OR, 0.27; 95% CI, 0.11–0.67)
were less frequent in children (Table 2).
According to age group, signiﬁcant differences were
observed in the median number of diarrhoeal stools per day
(p 0.002), in the median number of episodes of vomiting
(p 0.001) and in the median number of episodes of fever
(p <0.001). The number of stools showed differences between
the 5- to 14-year and 15- to–64-year age groups (p 0.014) and
between the 5- to 14-year and 65- to 74-year age groups
(p 0.022). The number of episodes of vomiting showed
differences between children aged <5 years and patients aged
15–64 years (p 0.032) and children aged <5 years and patients
≥75 years (p 0.001). There were signiﬁcant differences in the
occurrence of fever between the <5 and ≥75-year age groups
(p 0.002) and the 15- to 64-year and ≥75-year age groups
(p <0.001). No differences in disease duration were found
between male and female patients (median 2 days) or accord-
ing to age group (Table 3).
Only 12 cases were hospitalized (hospitalization rate
0.44%). Three were children aged <15 years and nine were
patients aged ≥15 years, but the differences were not statis-
tically signiﬁcant (OR, 1.68; 95% CI, 0.45–6.24).
Because all cases with AGE due to sapovirus were aged
<15 years, the symptoms presented by these cases were
compared with norovirus cases in the same age group
(Table 4). Norovirus cases more often presented with
TABLE 1. Distribution of cases according to symptoms and age group. Catalonia, 2010–2011
Symptoms
<5 years (n = 110) 5–14 years (n = 282) 15–64 years (n = 905) 65–74 years (n = 337) ≥75 years (n = 731) Total (n = 2365)
n (%) n (%) n (%) n (%) n (%) n (%)
Diarrhoea 81 (73.6) 133 (47.2) 643 (71.0) 120 (35.6) 501 (68.5) 1478 (62.5)
Vomiting 69 (62.7) 216 (76.6) 517 (57.1) 64 (19.0) 307 (42.0) 1173 (49.6)
Fever 34 (30.9) 62 (22.0) 244 (27.0) 22 (6.5) 82 (11.2) 444 (18.8)
Abdominal pain 44 (40.0) 224 (79.4) 586 (64.8) 71 (21.1) 128 (17.5) 1053 (44.5)
Nausea 10 (9.1) 163 (57.8) 513 (56.7) 45 (13.4) 127 (17.4) 858 (36.3)
Headache 1 (0.9) 44 (15.6) 197 (21.8) 12 (3.6) 14 (1.9) 268 (11.3)
Myalgia 0 (0.0) 20 (7.1) 112 (12.4) 17 (5.0) 32 (4.4) 181 (7.7)
Chills 1 (0.9) 4 (1.4) 68 (7.5) 12 (3.6) 10 (1.4) 95 (4.0)
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FIG. 1. Distribution of cases presenting only one gastrointestinal symptom according to age group.
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vomiting and fever (p <0.001), and sapovirus cases more often
presented with diarrhoea (p 0.013).
Discussion
Variations were found in the symptomatology presented by
cases of AGC according to the age groups analysed, especially
between children and adults. In children, there were also clear
differences according to whether sapovirus or norovirus was
the aetiological agent.
Vomiting, abdominal pain, fever and nausea were more
common in children than in adults. In children, in addition,
vomiting was generally the ﬁrst symptom of the disease, and
children had a higher number of episodes of vomiting per day
than other age groups. Likewise, in children affected by
sapovirus, diarrhoea was the most common symptom while
vomiting and fever were the most common symptoms in
norovirus cases.
We detected two sapovirus outbreaks in children, but if it is
considered that the transmission routes are the same as for
norovirus, including food-borne transmission, and that viruses
are common in the environment, it is likely that outbreaks of
this aetiology may be more frequent. The present study
carried out in the context of a research project over 2 years
found that, although the frequency of sapovirus outbreaks was
low (in two of the 101 outbreaks investigated), this agent may
explain some AGE outbreaks in our country. Because the
epidemiology of sapovirus is not well known, we believe that it
might be investigated during a longer period of time in
outbreaks with a possible viral aetiology detected by the public
health services that are negative for norovirus, adenovirus and
rotavirus.
Sano et al. [10] quantiﬁed and characterized sapovirus in
different types of water samples (freshwater, untreated and
treated wastewater) taken from the River Llobregat in
Catalonia, Spain. Furthermore, studies by Hansman et al. [11]
and Ueki et al. [18] in Japan found sapovirus in clams and
oysters, respectively. Chiba et al. [19] found that while
sapovirus was a common cause of AGE in young children, it
did not cause severe diarrhoea or hospitalizations. Likewise,
Rockx et al. [20] found that sapovirus cases were limited to
children aged <5 years, unlike norovirus cases, which occurred
in all age groups, and that the clinical manifestations differed,
with diarrhoea being more frequent in sapovirus and vomiting
more frequent in norovirus. Although not detected in our
study, sapovirus can also affect adults and outbreaks have been
reported in elderly people [21]. The genogroup identiﬁed in
sapovirus outbreaks in our study was GI, supporting the idea
that differences between the four genogroups of the pathogen
sapovirus for humans may affect the clinical presentation and
the type of patient affected.
Pang et al. [21] studied outbreaks of sapovirus in Alberta,
Canada, and found that most outbreaks between 2004 and
2007 occurred in adults aged >65 years, and in areas such as
hospitals, community long-term care facilities and senior
lodges. The authors found associations between the appear-
ance of GIV and the greater vulnerability of institutionalized
persons in cases of sapovirus in this age group, while GI and
GII were reported mainly in children. The cases of AGC
included in this study all came from reported outbreaks and
were probably more representative of AGC cases in the
general population than those found in other studies of AGC,
which mainly included sporadic cases for which medical care
TABLE 2. Calicivirus outbreaks: clinical differences between
cases aged <15 years and ≥15 years. Catalonia, 2010–2011
Symptoms
<15 years
(n = 392)
≥15 years
(n = 1973)
OR (95% CI) p-valueYes (%) Yes (%)
Diarrhoea 214 (54.6) 1264 (64.1) 0.67 (0.54–0.84) <0.001
Vomiting 285 (72.7) 888 (45.0) 3.25 (2.56–4.13) <0.001
Fever 96 (24.5) 348 (17.6) 1.51 (1.17–1.96) 0.002
Abdominal pain 268 (68.4) 785 (39.8) 3.27 (2.6–4.12) <0.001
Nausea 173 (44.1) 685 (34.7) 1.49 (1.19–1.85) <0.001
Headache 45 (11.5) 223 (11.3) 1.02 (0.72–1.43) 0.920
Myalgia 20 (5.1) 161 (8.2) 0.61 (0.38–0.98) 0.038
Chills 5 (1.3) 90 (4.6) 0.27 (0.11–0.67) 0.003
TABLE 3. Distribution of symptoms according to medians (range) of cases by age group. Catalonia, 2010–2011
<5 years
(n = 110)
5–14 years
(n = 282)
15–64 years
(n = 905)
65–74 years
(n = 337)
≥75 years
(n = 731)
Total
(n = 2365) p-value
Number of defaecations/day 2 (1–7) 2 (1–5)a,b 4 (1–30)a 4 (2–15)b 3 (1–25) 4 (1–30) 0.002
Instances of vomiting/day 5 (2–12)c,d 1 (1–18) 3 (1–30)c 4 (1–15) 2 (1–10)d 2 (1–30) 0.001
Fever (◦C) 38 (37–40)e 38 (37–39) 38 (37–40)f 37.8 (37–39) 37 (37–40)e,f 38 (37–40) <0.001
Disease duration (days) 1 (1–11) 1 (1–11) 2 (1–8) 2 (1–8) 2 (1–10) 2 (1–11) 0.052
a5–14 years vs. 15–64 years (p 0.014).
b5–14 years vs. 65–74 years (p 0.022).
c<5 years vs. 15–64 years (p 0.032).
d<5 years vs. ≥75 years (p 0.001).
e≥75 years vs. <5 years (p 0.002).
f≥75 years vs. 15–64 years (p <0.001).
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was sought [22–24]. This would explain why, in our study,
cases with a widely-varying clinical presentation were
detected, especially the large proportion of mild cases and
the low proportion of non-nosocomial cases requiring hospi-
talization. Although the symptoms seem more serious accord-
ing to age, there were no statistically signiﬁcant differences
between cases in patients aged <15 years and those ≥15 years
in terms of hospitalization. Only 12 cases, representing 0.44%
of all cases, were hospitalized, and eight of these were aged
≥65 years. In addition, only two (0.07%) deaths were reported
in the study period, both involving elderly people.
Some studies have shown even fewer hospitalizations and
deaths. Desai et al. [25] reviewed studies of norovirus
outbreaks published between 1993 and 2011 and found similar
results to ours, with overall rates of hospitalization and case
fatality rate of 0.54% and 0.06%, respectively. Bernard et al.
[26] described eight seasons of norovirus surveillance in
Germany and found that the proportion of hospitalized
patients was 8–19% and mortality was 0.04%. In contrast, Hall
et al. [27] found that hospitalization rates were between 0.29%
and 0.34% and case fatality rates between 0.003% and 0.004%
based on studies conducted over the past 5 years in the USA.
However, other authors also found, as we did, that the highest
numbers of hospital admissions and deaths were in people
aged ≥65 years and those in long-term care facilities [28–30].
Lopman et al. [28] reported a very large increase in hospital-
ization rates in people aged >75 years.
Analysing the number of hospitalizations and deaths, it
should be noted that we studied cases only from reported, and
therefore investigated, outbreaks. In AGE outbreaks, the ﬁrst
decision is to control the outbreak and prevent new cases,
which can include therapeutic advice and symptom manage-
ment: this could mean that no further medical assistance is
required.
The study has some limitations. First, the detection of
outbreaks may depend on the severity of the disease and the
context. Thus, it is easier to detect outbreaks in institution-
alized populations than in those limited to the household and
family members, and these outbreaks may be under-repre-
sented in our study. Secondly, the validity of the information
on symptoms may be questioned, because neither the children
nor the elderly patients with cognitive deﬁcits could report the
information for themselves. It is possible that the clinical
manifestations may have been more numerous and more
intense than reported and also that data collection was not
exhaustive in all cases. Thirdly, information on the duration of
symptoms may also be inﬂuenced by the treatment, and the
possible bias in this case would also be that symptoms were
underestimated.
In conclusion, the results of this study show that while
diarrhoea was the most frequent symptom in sapovirus
outbreaks, the most frequent symptoms in norovirus out-
breaks were vomiting and fever. In adult patients, vomiting,
fever, nausea and abdominal pain were less frequent than in
children. As the clinical characteristics of cases are known
before the laboratory results, these data may be useful for
decision-making regarding therapy and guiding investigation of
the factors contributing to an outbreak, as well as for the
adoption of preventive measures as rapidly as possible,
especially in outbreaks involving the elderly.
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